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(57) ABSTRACT 

The present invention relates to a metal oxide dispersion, 
which can form a metal thin film onto a substrate by heat 
treatment at a low temperature, wherein a metal oxide 
having a particle diameter of less than 200 nm is dispersed 
in the dispersion medium. By heat treating the dispersion 
after applying it onto a substrate, a metal thin film is formed. 
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METAL OXIDE DISPERSION 

TECHNICAL FIELD 

[0001] The present invention relates to a dispersion of a 
metal oxide which is suitable for forming a metal thin film 
and a process for forming a metal thin film onto a substrate 
using this dispersion. The present invention also relates to a 
process for producing a porous metal thin film. 

BACKGROUND ART 

[0002] Conventionally, methods such as vacuum evapo- 
ration, sputtering, CVD, plating and metal paste method 
have been known as a method for forming a metal thin film 
onto a substrate. Among these methods, vacuum evapora- 
tion, sputtering and CVD all suffer from the problem that 
they require an expensive vacuum chamber, and that their 
film deposition rates are slow. 

[0003] Plating methods can relatively easily form a metal 
thin film on substrates that are conductive. However, when 
forming a thin film on an insulating substrate, plating 
requires first forming a conductive layer, which makes the 
process cumbersome. Plating methods suffer from another 
problem in that because they rely on a reaction in solution, 
a large amount of waste liquid is generated, which takes a lot 
of effort and cost to clean up. 

[0004] A metal paste method is a method which involves 
applying a solution in which metal particles are dispersed 
onto a substrate, followed by heat treatment to give a metal 
thin film. This method has the advantages that it does not 
require special equipment such as that of vacuum evapora- 
tion and the like, and the process is simple. However, to fuse 
the metal particles, the process usually requires a high 
temperature of 1000° C or more. Thus, the substrates are 
restricted to those having heat resistance such as ceramic 
substrates, and there still remains the problem that the 
substrate will be susceptible to damage from heat or residual 
stress caused by the heating. 

[0005] On the other hand, there is a known technique for 
lowering the baking temperature of a metal paste by decreas- 
ing the particle diameter of the metal particles. For example, 
JP-B-2561537 discloses a method for forming a metal thin 
film using a dispersion into which metal fine particles having 
a particle diameter of 100 nm or less are dispersed. However, 
because the method for producing the necessary metal 
particles having a particle diameter of 100 nm or less is a 
method which involves rapid cooling of metal vapor vapor- 
ized under low pressure, this method suffers from the 
problems that mass production is difficult and that the cost 
of the metal particles is very high. A method which involves 
forming a metal thin film using a metal oxide paste which 
has metal oxide particles dispersed therein is also known. A 
method is disclosed in JP-A-05-98195 which involves heat- 
ing a crystalline polymer-containing metal oxide paste into 
which a metal oxide having a particle diameter of 300 nm or 
less is dispersed, whereby the crystalline polymer is decom- 
posed to obtain a metal thin film. However, this method 
requires previously dispersing the 300 nm or less metal 
oxide into the crystalline polymer, which in addition to 
requiring a lot of effort, also requires a temperature of 400 
to 900° C. to decompose the crystalline polymer. Thus, this 
method has the problem that usable substrates require heat 



resistance above that temperature, which places a restriction 
on the substrates that can be used. 

[0006] From the above, it can be seen that a method for 
obtaining a metal thin film by applying onto a substrate a 
dispersion into which metal particles or metal oxide particles 
are dispersed, then subjecting to heat treatment, has low 
process costs. However, methods that use metal particles 
have the drawback that the particle costs are very expensive. 
In addition, methods that use metal oxide particles require 
that the particles have been dispersed in the crystalline 
polymer beforehand, which has the problem that the heating 
temperature is high in order to burn off the crystalline 
polymer. Therefore, at present such methods are not used in 
practice. In particular, at present it is difficult to apply the 
methods for forming meUl thin film onto the resin substrates 
used in the commercial sector. Meanwhile, it is difficult to 
obtain a porous metal thin film by heat treatment at a 
relatively low temperature. 

[0007] Plating and the slurry method are also known as 
methods for producing metal oxide porous films. Plating is 
a method for obtaining a metallic porous body by adhering 
a carbon powder or the like to the skeleton structure surface 
of a foam resin such as urethane foam to provide conduc- 
tivity thereto, depositing a metal layer thereon by plating, 
then burning off the foam resin and carbon powder to obtain 
the metallic porous body. However, this method has the 
drawback that its production step is cumbersome. On the 
other hand, the slurry method is to obtain a metallic porous 
body by impregnating or applying a metal powder or metal 
fiber to the skeleton structure surface of a foam resin such as 
urethane foam, and thereafter burning off the resin compo- 
nent by heating to sinter the metal powder and obtain the 
metallic porous body. This method requires that the metal 
powder or metal fiber, which are its raw materials, are small 
particles in order to impregnate the porous resin. Generally, 
particles having a diameter of several tens of ^m to several 
hundreds of /mi are used. However, producing a metal 
powder having a small particle diameter requires a cumber- 
some production step such as that used in a method of 
spraying a molten metal or a pulverizing method. Therefore, 
this method has the drawback that its raw materials are 
expensive. There is also the danger of fire or explosion due 
to the small particle diameter-metal powder having a large 
surface area, which may cause problems with cost overruns 
for the production equipment. Moreover, since the resultant 
porous body's pore diameter is reflective of the impregnated 
foam resin's aperture diameter, the pore diameter is several 
tens of /«n or more. 

[0008] A method is also known (JP-A-05-195110) for 
obtaining a metallic porous body by mixing a metal oxide 
powder, rather than a metal powder, with a resin binder, 
forming this mixture using a mold into a predetermined 
shape, then heating the product in an oxidizing atmosphere 
to burn off the resin binder and obtain a porous metal 
oxide-sintered body, which is then baked in a reducing 
atmosphere to obtain the metallic porous body. However, 
while this method has the advantage of allowing production 
of a metallic porous body having a small pore diameter of 
approximately 1 ftm from low cost raw materials of metal 
oxide, the method has the drawback that the production 
process is cumbersome because it requires a pressure appli- 
cation step. In addition, the resins which can be used as the 
resin binder are hydrophilic resins such as polyvinyl alcohol 
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resin, butyral resin and acryl resin. A high temperature of 
1000° or more is required to completely burn off these 
binders which are in a pressurized state. Accordingly, this 
method suffers from a problem in terms of its production 
equipment, wherein a baking apparatus which can accom- 
modate high temperatures is required. 

[0009] Mixing a metal oxide powder with an organic 
binder then baking in a reducing environment without 
pressure molding, does allow the binder to be removed at a 
lower temperature, for example 700° C. when polyvinyl 
alcohol is used as the binder, since the organic binder is not 
in a compressed environment (see JP-A-2000-5 00826). 
However, because the metal oxide particles are not com- 
pressed, fusion of the metal particles obtained by reduction 
does not proceed, whereby only a granulized metal powder 
is obtained, and a metallic porous body cannot be achieved. 

[0010] Thus, at present no methods are known which use 
a metal oxide as the raw material for obtaining a porous 
metal thin film at low temperature and having a small pore 
diameter of 1 /an or less without going through a cumber- 
some step such as pressurizing. 

[0011] Therefore, a problem to be solved by the present 
invention is to provide a metal oxide dispersion that can 
form a thin film having high adherence to a substrate, and a 
process for producing a metal thin film onto a substrate 
which uses this metal oxide dispersion, at low cost and using 
a low temperature heat treatment. Another problem is also to 
provide a production process for obtaining a porous metal 
thin film. 

DISCLOSURE OF THE INVENTION 

[0012] The inventor achieved the present invention after 
extensive investigations to resolve the above problems. 

[0013] Namely, the present invention is as follows. 

[0014] 1. A metal oxide dispersion comprising a metal 
oxide having a particle diameter of less than 200 nm and a 
dispersion medium, wherein the metal oxide dispersion 
medium comprises a polyhydric alcohol and/or a polyether 
compound. 

[0015] 2. The metal oxide dispersion according to the 
above item 1, wherein the polyhydric alcohol has 10 or less 
carbon atoms. 

[0016] 3. The metal oxide dispersion according to the 
above item 1 or 2, wherein the polyhydric alcohol is a sugar 
alcohol. 

[0017] 4. The metal oxide dispersion according to any one 
of the above items 1 to 3, wherein the polyether compound 
is an aliphatic polyether having repeating units of a straight 
chain and a cyclic oxyalkylene group having 2 to 8 carbon 
atoms. 

[0018] 5. The metal oxide dispersion according to any one 
of the above items 1 to 4, wherein a molecular weight of the 
polyether compound is 150 or more and 6000 or less. 

[0019] 6. The metal oxide dispersion according to the 
above item 5, wherein the polyether compound is a poly- 
ethylene glycol and/or polypropylene glycol having a 
molecular weight of 250 or more and 1500 or less. 



[0020] 7. The metal oxide dispersion according to any one 
of the above items 1 to 6, wherein a volume resistivity of a 
metal obtained by reducing a metal oxide is lxl0~ 4 Qcm or 
less. 

[0021] 8. The metal oxide dispersion according to any one 
of the above items 1 to 7, wherein the metal oxide is copper 
oxide or silver oxide. 

[0022] 9. The metal oxide dispersion according to the 
above item 8, wherein the metal oxide is cuprous oxide. 

[0023] 10. The metal oxide dispersion according to any 
one of the above items 1 to 9, wherein the content of metal 
oxide is 5 to 90% by weight of the overall weight of the 
metal oxide dispersion. 

[0024] 11. The metal oxide dispersion according to any 
one of the above items 1 to 10, wherein the metal oxide 
dispersion comprises a metal powder in an amount that the 
total weight of the metal powder and metal oxide fine 
particles occupies 5% by weight or more and 95% by weight 
or less of the overall weight of the metal oxide dispersion. 

[0025] 12. The metal oxide dispersion according to the 
above item 11, wherein the metal powder includes at least 
one metal species selected from the group consisting of gold, 
silver, copper, palladium, platinum, nickel, chromium, alu- 
minum, tin, zinc, titanium, tungsten, tantalum, barium, 
rhodium, ruthenium, osmium, bismuth, iridium, cobalt, 
indium, iron and lead. 

[0026] 13. The metal oxide dispersion according to any 
one of the above items 1 to 12, wherein the metal oxide 
dispersion comprises a thermosetting resin in an amount of 
0.1 to 20% by weight of the overall weight of the metal 
oxide dispersion. 

[0027] 14. The metal oxide dispersion according to any 
one of the above items 1 to 13, wherein the metal oxide 
dispersion comprises a reducing agent, which can reduce the 
metal oxide and is other than a polyhydric alcohol and a 
polyether compound, in an amount of 0.1 to 70% by weight 
of the overall weight of the metal oxide dispersion. 

[0028] 15. The metal oxide dispersion according to any 
one of the above items 1 to 14, wherein the content of 
polyhydric alcohol is 0.1% by weight or more and 95% by 
weight or less of the overall weight of the metal oxide 
dispersion. 

[0029] 16. The metal oxide dispersion according to any 
one of the above items 1 to 15, wherein the content of 
polyether compound is 0.1% to 70% by weight of the overall 
weight of the metal oxide dispersion. 

[0030] 17. The metal oxide dispersion according to any 
one of the above items 1 to 15, wherein the content of 
polyether compound is less than 0.1% by weight of the 
overall weight of the metal oxide dispersion. 

[0031] 18. A metal thin film formed by fusing contacting 
portions of a plurality of gathered metal fine particles having 
a primary diameter of less than 200 nm obtained by baking 
the metal oxide dispersion according to the above item 16. 

[0032] 19. A metal thin film having a porous structure 
formed by fusing contacting portions of a plurality of 
gathered metal fine particles having a primary diameter of 
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less than 200 nm obtained by baking the metal oxide 
dispersion according to the above item 17. 

[0033] 20. A method of producing a metal thin film which 
comprises applying the metal oxide dispersion according to 
any one of the above items 1 to 16 onto a substrate, then 
carrying out heat treatment. 

[0034] 21. The method of producing a metal thin film 
according to the above item 20, which comprises carrying 
out heat treatment in a non-oxidizing atmosphere. 

[0035] 22. The method of producing a metal thin film 
according to the above item 20, which comprises applying 
the metal oxide dispersion onto a substrate, then heating and 
baking the dispersion in an inert atmosphere, followed by 
heating and baking in a reducing atmosphere. 

[0036] 23. The method of producing a metal thin film 
according to any one of the above items 20 to 22, wherein 
a heat treatment temperature is 50° C. or more and 500° C. 
or less. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0037] The present invention will now be described in 
detail. 

[0038] As described above, the metal oxide dispersion 
according to the present invention comprises as essential 
constituents a metal oxide having a particle diameter of 200 
nm or less and a dispersion medium. The metal oxide 
dispersion according to the present invention is also char- 
acterized in that the dispersion medium comprises a poly- 
hydric alcohol and/or a polyether compound. These con- 
stituents will be described in the following. 

[0039] The particle diameter of the metal oxide used in the 
present invention is less than 200 nm, preferably less than 
100 nm and more preferably less than 30 nm. Particle 
diameter is intended to mean a primary particle diameter, 
which can be determined by morphological observation 
using an electron microscope or the like. When the particle 
diameter is less than 200 nm, it is believed that because the 
particle diameter of the metal fine particles obtained by 
reduction of the metal oxide is small, their surface energy 
becomes large, whereby their melting point is lowered so 
that the metal particles fiise to each other at low temperature 
to form a metal thin film. The smaller the metal oxide 
particles' particle diameter is, the more easily the metal 
oxide particles are reduced. Thus, in terms of an ease of 
reduction, smaller metal oxide particles are preferable. 
When the particle diameter of the metal oxide is more than 
200 nm, fusing of the metal particles obtained by reduction 
treatment is not sufficient, whereby a dense and strong 
structure cannot be achieved. On the other hand, where the 
particle diameter is less than 100 nm, such particles can be 
used as a conductive ink for an ink-jet method for forming 
fine wires by extruding fine droplets, which is preferable 
when forming a fine pitch circuit without an etching process. 

[0040] Any metal oxide may be used as long as it is 
reduced by heat treatment. The individual metal oxide 
particles may consist of a single metal oxide or may be a 
composite metal oxide consisting of a plurality of metal 
oxides. A volume resistivity of the metal obtained by reduc- 
ing the metal oxide is preferably lxlCT 4 Qcm or less and 



more preferably IxlO" 5 Qcm or less. Such a metal oxide is 
used preferably because the electrical conductivity for the 
obtained metal thin film is high. Such metal oxides include, 
for example, silver oxide, copper oxide, palladium oxide, 
nickel oxide, lead oxide, and cobalt oxide. Among these, 
copper oxide and silver oxide are particularly preferable as 
they can be easily reduced and have high electrical conduc- 
tivity after being reduced. Silver oxide includes silver (I) 
oxide, silver (II) oxide and silver (HI) oxide. While there are 
no restrictions on the oxidation state of the silver, in terms 
of powder stability, silver (I) oxide is more preferable. 
Copper oxide includes cuprous oxide and cupric oxide. 
While there are no restrictions on the oxidation state of the 
copper, in terms of the ease of reducing to metallic copper, 
cuprous oxide is particularly preferable. 

[0041] These metal oxide can be commercially available 
products, or can be synthesized using a known synthesis 
method. Commercially available products include cupric 
oxide fine particles from C.I. Kasei Co., Ltd. having average 
particle diameter of about 30 nm (nominal). Known methods 
for synthesis of a cuprous oxide having a particle diameter 
of less than 200 nm include a synthesis method which 
involves heating an acetylacelonato copper complex in a 
polyol solvent at approximately 200° C. (Angevandte Che- 
mie International Edition, No. 40, Vol. 2, p. 359, 2001) and 
a method which involves heating an organocopper com- 
pound (copper-N-nitrosophenyl hydroxylamine complex) at 
a high temperature of approximately 300° C. in an inert 
atmosphere in the presence of a protective agent such as 
hexadecyl amine (Journal of American Chemical Society 
1999, Vol. 121 p. 11595). 

[0042] The metal oxide used in the present invention has 
a particle diameter of 200 nm or less, and as far as fusion of 
the particles during heat treatment is not prevented, part of 
the metal oxide particles may be replaced with a material 
other than a reducible metal oxide. Here, a "a material other 
than a reducible metal oxide" is, for example, a metal, or a 
metal oxide that is not reduced under heating at 500° C. or 
less, or an organic compound. Examples thereof include a 
core-shell type metal-metal oxide complex fine particles, 
wherein the center portion is a metal and the surface thereof 
is covered by a metal oxide. 

[0043] The metal oxide fine particles used in the present 
invention may be weakly agglomerated with each other in 
the metal oxide dispersion. However, when applied in screen 
printing or the like, it is preferable to be able to redisperse 
before printing so that the agglomerate does not cause 
clogging on the screen. For uses such as applying by inkjet 
process, the agglomerate diameter is preferably less than 100 
nm. These agglomerates are known as secondary agglom- 
erates, and their particle diameter can be determined by laser 
scattering method. 

[0044] The weight of the metal oxide is 5% by weight or 
more to 95% by weight or less of the overall weight of the 
metal oxide dispersion. Preferably, it is 10% by weight or 
more to 80% by weight or less. When it is less than 5% by 
weight, the film thickness of the metal thin film obtained 
from one application and baking is thin. On the other hand, 
when the weight is more than 95% by weight, the viscosity 
of the dispersion becomes too high, making it difficult to 
apply onto the substrate. 

[0045] The dispersion medium used in the present inven- 
tion is an organic solvent and/or water. Examples of the 
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organic dispersion medium include liquid alcohol solvents, 
ketone solvents, amide solvents, ester solvents and ether 
solvents. 

[0046] Examples of the alcohol solvents include monohy- 
dric alcohols such as methanol, ethanol, n-propanol, i-pro- 
panol, n-butanol, i-butanol, sec-butanol, t-butanol, n-pen- 
tanol, i-pentanol, 2-methylbutanol, sec-pentanol, t-pentanol, 

3- methoxybutanol, n-hexanol, 2-methylpentanol, sec-hex- 
anol, 2-ethylbutanol, sec-heptanol, 3-heptanol, n-octanol, 
2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-dimethyl- 
heptanol-4, n-decanol, sec-undecyl alcohol, trimethylnonyl 
alcohol, sec-tetradecyl alcohol, sec-heptadecyl alcohol, phe- 
nol, cyclohexanol, methylcyclohexanol, 3,3,5-trimethylcy- 
clohexanol, benzyl alcohol, and diacetone alcohol; polyhy- 
dric alcohols such as ethylene glycol, 1,2-propylene glycol, 
1,3-butylene glycol, 2,4-pentanediol, 2-methyl-2,4-pen- 
tancdiol, 2,5-hexanediol, 2,4-heptanediol, 2-ethyl-l,3-hex- 
anediol, diethylene glycol, dipropylene glycol, hexanediol, 
octanediol, triethylene glycol, tripropylene glycol and glyc- 
erol; and partial ethers of polyhydric alcohols, such as 
ethylene j gvcol monomethyl ether~ emyjen^glyjcoljQp^o- 
^Byt3|Eer^ ethylene glycol monopropyl ether, ethylene 
glycol monobutyl ether, ethylene glycol monohexyl ether, 
ethylene glycol monophenyl ether, ethylene glycol mono- 
2-ethylbutyl ether, diethylene glycol monomethyl ether, 
diethylene glycol monoethyl ether, diethylene glycol mono- 
propyl ether, diethylene glycol monobutyl ether, diethylene 
glycol monohexyl ether, propylene glycol monomethyl 
ether, propylene glycol monoethyl ether, propylene glycol 
monopropyl ether, propylene glycol monobutyl ether, dipro- 
pylene glycol monomethyl ether, dipropylene glycol mono- 
ethyl ether, and dipropylene glycol monopropyl ether. These 
alcohol solvents may be used alone or in combination of two 
or more thereof. 

[0047] Examples of the ketone solvents include acetone, 
methyl ethyl ketone, methyl n-propyl ketone, methyl n-butyl 
ketone, diethyl ketone, methyl i-butyl ketone, methyl n-pen- 
tyl ketone, ethyl n-butyl ketone, methyl n-hexyl ketone, 
di-l-butyl ketone, trimethylnonanone, cyclohexanone, 
2-hexanone, methylcyclohexanone, 2,4-pentanedione, 
acetonylacetone, and acetophenone. Examples thereof fur- 
ther include p-diketones such as acetylacetone, 2,4-hex- 
anedione, 2,4-heptanedione, 3,5-heptanedione, 2,4-oc- 
tanedione, 3,5-octanedione, 2,4-nonanedione, 3,5- 
nonanedione, 5-methyl-2,4-hexanedione, 2,2,6,6- 
tetramethyl-3,5-heptanedione, and l,l,l,5,5,5-hexafluoro-2, 

4- heptanedione. 

[0048] Examples of the amide solvents include fonna- 
mide, N-methylformamide, N,N-dimethylformamide, 
N-ethylformamide, N,N-diethylformamide, acetamide, 
N-methylacetamide, N,N-dimethyl acetamide, N-ethyiaceta- 
mide, N,N-diethylacetamide, N-methylpropionamide, 
N-methylpyrrolidone, N-formylmorpholine, N-formylpip- 
eridine, N-formylpyrrolidine, N-acetylmorpholine, 
N-acetylpiperidine, and N-acetylpyrrolidine. 

[0049] Examples of the ester solvents include diethyl 
carbonate, ethylene carbonate, propylene carbonate, diethyl 
carbonate, methyl acetate, ethyl acetate, y-butyrolactone, 
Y-valerolactone, n-propyl acetate, i-propyl acetate, n -buty l 
acetate J JjuteLase4a4e^ c-butyl acetate, n -pentyl acetate, 
se^pe^tyTacetate, 3-methoxybutyl acetate, methylpentyl 
acetate, 2-ethylbutyl acetate, 2-ethylhexyl acetate, benzyl 



acetate, cyclohexyl acetate, methylcyclohexyl acetate, 
n-nonyl acetate, methyl acetoacetate, ethyl acetoacetate, 
ethylene glycol monomethyl ether acetate, ethylene glycol 
monoethyl ether acetate, diethylene glycol monomethyl 
ether acetate, diethylene glycol monoethyl ether acetate, 
diethylene glycol mono-n-butyl ether acetate, propylene 
glycol monomethyl ether acetate, propylene glycol mono- 
ethyl ether acetate, propylene glycol monopropyl ether 
acetate, propylene glycol monobutyl ether acetate, dipropy- 
lene glycol monomethyl ether acetate, dipropylene glycol 
monoethyl ether acetate, glycol diacetate, methoxytriglycol 
acetate, ethyl propionate, n-butyl propionate, i-amyl propi- 
onate, diethyl oxalate, di-n-butyl oxalate, methyl lactate, 
ethyl lactate, n-butyl lactate, n-amyl lactate, diethyl mal- 
onate, dimethyl phthalate, and diethyl phthalate. These ester 
solvents may be used alone or in combination of two or more 
thereof. 

[0050] Examples of the ether solvents include dipropyl 
ether, diisopropyl ether, dioxane, tetrahydrofuran, tetiahy- 
dropyran, ethylene glycol dimethyl ether, ethylene glycol 
diethyl ether, ethylene glycol dipropyl ether, propylene 
glycol dimethyl ether, propylene glycol diethyl ether, pro- 
pylene glycol dipropyl ether, diethylene glycol dimethyl 
ether, diethylene glycol dielhyl ether and diethylene glycol 
dipropyl ether. 

[0051] These dispersion media may be used alone or in 
combination of two or more thereof. In particular, for an 
inkjet application, it would be preferable if a metal oxide 
having a particle diameter of less than 200 nm can be 
uniformly dispersed, and if the metal oxide dispersion has a 
low viscosity. 

[0052] The metal oxide dispersion according to the present 
invention must comprise a polyhydric alcohol and/or poly- 
ether compound in its dispersion medium. The polyhydric 
alcohol and/or polyether compound may be a solid or a 
liquid. When the polyhydric alcohol and/or polyether com- 
pound contained in the metal oxide dispersion is a solid, it 
may be used by dissolving it in the above-described disper- 
sion medium of organic solvent and/or water. On the other 
hand, when the polyhydric alcohol and/or polyether com- 
pound contained in the metal oxide dispersion is a liquid, it 
can serve as the dispersion medium by itself. 

[0053] In the present invention "polyhydric alcohol" is 
intended to mean a compound which has 2 or more hydroxyl 
groups, and "polyether compound" is intended to mean a 
compound which has 2 or more ether bonds. Compounds 
that have 2 or more hydroxyl groups and 2 or more ether 
bonds will be classified into one of the two according to the 
following criteria: (i) where the subject compound has more 
hydroxyl groups (hereinafter "nl") than ether bonds (here- 
inafter "n2"), i.e. where nl>n2, the subject compound is 
classified into a polyhydric alcohol and (ii) where nl<n2, or 
nl-n2, the subject compound is classified into a polyether 
compound. For example, according to these criteria maltot- 
riose, which is a type of trisaccharide, has on its skeleton 
structure 11 hydroxyl groups and 5 ether bonds. Therefore, 
according to the above criteria, it is classified into a poly- 
hydric alcohol. As another example, triethylene glycol, 
which has 2 hydroxyl groups and 2 ether bonds on its 
skeleton structure, is classified as a polyether compound. 

[0054] Having a polyhydric alcohol in the metal oxide 
dispersion improves the dispersibility of the metal oxide 
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particles in the same dispersion. Examples of such a poly- 
hydric alcohol include ethylene glycol, diethylene glycol, 
1,2-propane diol, 1,3-propane diol, 1 ,2 -butane diol, 1,3- 
butane diol, 1,4-butane diol, 2-butene-l,4-diol, 2,3-butane 
diol, pentane diol, hexane diol, octane diol, 1,1,1-trishy- 
droxymethylethane, 2-ethyl-2-hydroxymethyl-l,3-propane 
diol, 1,2,6-hexane triol, 1,2,3-bexane triol and 1,2,4-butane 
triol. In addition, sugar alcohols such as glycerol, threitol, 
erythritol, pentaerythritol, a pentitol and a hexitol can also 
be used, wherein pentitol includes xylitol, ribitol and ara- 
bitol. Further, hexitol includes mannitol, sorbitol and dulci- 
tol. Sugars such as glyceric aldehyde, dioxy acetone, 
threose, erythrulose, erythrose, arabinose, ribose, ribulose, 
xylose, xylulose, lyxose, glucose, fructose, mannose, idose, 
sorbose, gulose, talose, tagatose, galactose, allose, altrose, 
lactose, xylose, arabinose, isomaltose, glucoheptose, hep- 
tose, maltotriose, lactulose and trehalose can also be used. 
Because these polyhydric alcohols are reducing, they are 
preferable when reducing the metal oxide. 

[0055] Particularly preferable polyhydric alcohols are 
those having 10 or less carbon atoms. Among them, those 
alcohols which are liquid-state and have low viscosity are 
preferable, because as described-above, they can serve as the 
dispersion medium by themselves. Examples of such poly- 
hydric alcohols include ethylene glycol, diethylene glycol, 
1,2-propane diol, 1,3-propaoe diol, 1,2-butane diol, 1,3- 
butane diol, 1,4-butane diol, 2,3-butane diol, pentane diol, 
hexane diol and octane diol. 

[0056] Among the polyhydric alcohols, the sugar alcohols 
such as glycerol, threitol, erythritol, pentaerythritol, pentitol 
and hexitol are preferable, as they particularly improve 
resistance to agglomeration of the metal oxide fine particles 
in the metal oxide dispersion. 

[0057] The polyhydric alcohol is preferably added in an 
amount of 0.1% by weight or more and 95% by weight or 
less of the overall weight of the metal oxide dispersion, and 
more preferably 1% by weight or more and 90% by weight 
or less. If the amount is less than 0.1% by weight, the 
increase in dispersibility of the metal oxide particles is 
small An amount greater than 95% is not preferable because 
the amount of metal oxide in the dispersion becomes small, 
thus making it difficult to form a good quality metal thin 
film. These polyhydric alcohols may be used alone or in 
combination of two or more thereof. 
[0058] Having a polyether compound in the metal oxide 
dispersion improves the denseness of the metal thin film 
obtained by baking of the same dispersion, and the adhe- 
siveness to the substrate also improves. A polyether com- 
pound is a compound that has an ether bond in its skeleton 
structure. Preferably, it is homogeneously dispersed in the 
dispersion medium. The microscopic structure of the metal 
thin film may differ depending on whether or not polyether 
compounds derived from the metal oxide dispersion are 
contained in the metal oxide dispersion. When the amount of 
polyether compound in the metal oxide dispersion is less 
than 0. 1% by weight of the overall weight of the metal oxide 
dispersion, the obtained thin film is a porous metal thin film 
with a pore structure having a pore diameter of 1 /im or less. 
On the other hand, when the amount of polyether compound 
in the metal oxide dispersion is 0.1% by weight or more and 
70% by weight or less of the overall weight of the metal 
oxide dispersion, the obtained metal thin film has only a few 
holes, and those holes are small, thus denseness is improved. 



[0059] It is not established why the denseness and adhe- 
siveness of the metal thin film obtained by baking are 
improved by adding a polyether compound to the metal 
oxide dispersion. However, it is believed that this might be 
due to localized granulation of the metal oxide particles 
being prevented during the course of baking, and also that a 
tiny amount of polyether compound itself remains as a 
binder, or is reduced to carbon to be a binder in the metal 
thin film, or at the boundary between the thin film and the 
substrate. 

[0060] In addition, polyether compounds are easily 
decomposed by the metal obtained from reduction of the 
metal oxide. In particular, in an atmosphere where a reduc- 
ing gas such as hydrogen coexists, the polyether compound 
is preferable because it tends to be catalytically decomposed 
at a low temperature, whereby it easily disappears. Because 
polyether compounds themselves are reducing, they are 
preferable when reducing a metal oxide. 

[0061] Amorphous polyether compounds are preferable in 
terms of dispersibility into the dispersion medium of the 
metal oxide fine particles. Among those, aliphatic polyethers 
are preferable in which in particular the repeating units are 
straight chains or cyclic oxyalkylene groups having 2 to 8 
carbon atoms. The molecular structure of an aliphatic poly- 
ether with repeating units of straight chains or cyclic alky- 
lene groups having 2 to 8 carbon atoms may be a ring, a 
straight chain or a branched chain structure, and may be a 
binary or higher polyether copolymer or may be a binary or 
higher polyether block copolymer. Specific examples 
thereof include polyether homopolymers such as polyethyl- 
ene glycol, polypropylene glycol and polybutylene glycol; 
binary copolymers such as ethylene glycol/propylene glycol 
and ethylene glycol/butylene glycol copolymers, and 
straight chain ternary copolymers such as ethylene glycol/ 
propylene glycol/ethylene glycol, propylene glycol/ethylene 
glycol/propylene glycol and ethylene glycol/butylene gly- 
col/ethylene glycol ternary copolymers, although the poly- 
ether is not limited thereto. The polyether block copolymers 
include binary block copolymers, such as a polyethylene 
glycol/polypropylene glycol and a polyethylene glycol/po- 
lybutylene glycol, and straight chain, ternary block copoly- 
mers, such as a polyethylene glycol/polypropylene glycol/ 
polyethylene glycol, a polypropylene glycol/polyethylene 
glycol/polypropylene glycol and a polyethylene glycol/po- 
lybutylene glycol/polyethylene glycol. 

[0062] Polyether compounds used in the present invention 
may comprise other functional groups in their molecular 
structure, such as an alcohol group, ester group, glycidyl 
group, imide group, alkyl group, amide group, ester group, 
amino group, phenyl group, aldehyde group, carbonate 
group, isocyanate group and sulfonic acid group. The poly- 
ether compounds may also comprise a substituent combin- 
ing these groups, such as an alkyl ester group, an alkylamide 
group and an alkyl carbonate group, although they are not 
limited thereto. They may also comprise a polymerizable 
vinyl group, vinylidene group, vinylene group, glycidyl 
group, allyl group and acrylate group or methacrylate group 
comprising these groups. There may be a plurality of these 
functional groups in the molecule. For example the molecule 
may comprise a polyhydric alcohol group such as a sugar or 
sugar alcohol. 

[0063] Examples of the structure of the polymer chains 
bonded to the hydroxyl group contained in the sugar alcohol 
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include glycerol polyethylene glycol polypropylene glycol 
and erythritol polyethylene glycol polypropylene glycol 
polyethylene glycol, wherein the polymer chain is bonded to 
a hydroxyl group contained in glycerol, threitol, erythritol, 
pentaerythritol, pentitol, hexitol and the like. Specific 
examples of the sugar chain include glyceric aldehyde, 
dioxy acetone, threose, erythrulose, erythrose, arabinose, 
ribose, ribulose, xylose, xylulose, lyxose, glucose, fructose, 
mannose, idose, sorbose, gulose, talose, tagatose, galactose, 
allose, altrose, lactose, xylose, isomaltose, glucoheptose, 
heptose, maltotriose, lactulose, trehalose and the like. 

[0064] The terminal group of the aliphatic polyether used 
in the present invention is not particularly limited, and may 
include a group modified by a hydroxyl group, a straight 
chain, branched or cyclic alkyl ether, an alkyl ester group, an 
alkylamide group, an alkylcarbonate group, a urethane 
group or a trialkylsilyl group and the like having 1 to 8 
carbon atoms. Specific examples of such modified aliphatic 
polyether terminal groups will be described in the following. 

[0065] Examples of alkyl etherification of at least one 
terminal include ethers such as methyl ether, ethyl ether, 
propyl ether and glycidyl ether. Specific example thereof 
include polyethylene glycol monomethyl ether, polyethyl- 
ene glycol dimethyl ether, polypropylene glycol dimethyl 
ether, polyisobutylene glycol dimethyl ether, polyethylene 
glycol diethyl ether, polyethylene glycol monoethyl ether, 
polyethylene glycol dibutyl ether, polyethylene glycol 
monobutyl ether, polyethylene glycol diglycidyl ether, poly- 
ethylene polypropylene glycol dimethyl ether, glycerin 
polyethylene glycol trimethyl ether, pentaerythritol polyeth- 
ylene glycol tetramethyl ether, pentitol polyethylene glycol 
pentamethyl ether, sorbitol polyethylene glycol hexamethyl 
ether and the like. 

[0066] Examples of aliphatic polyethers which have ter- 
minal ester group(s), wherein at least one terminal thereof is 
modified with an ester, include those modified with an acetic 
ester, a propionic ester, an acrylic ester, a methacrylic ester, 
or a benzoic ester. It is also preferred that the terminal of an 
alkylene glycol is modified with a carboxymethyl ether, and 
the carboxyl group of the terminal is modified with an alkyl 
ether. Specific preferred examples of such aliphatic poly- 
ethers include a polyethylene glycol monoacetate, a poly- 
ethylene glycol diacetate, a polypropylene glycol monoac- 
etate, a polypropylene glycol diacetate, a polyethylene 
glycol dibenzoate, a polyethylene glycol diacrylate, a poly- 
ethylene glycol monomethacrylate, a polyethylene glycol 
dimethacrylate, a polyethylene glycol biscarboxymethyl 
ether dimethyl ester, a polypropylene glycol biscarboxym- 
ethyl ether dimethyl ester, a glycerol polyethylene glycol 
triacetate, a pentaerythritol polyethylene glycol tetraacetate, 
a pentitol polyethylene glycol pentaacetate and a sorbitol 
polyethylene glycol hexaacetate. 

[0067] Examples of aliphatic polyethers which have a 
terminal amide group include those which are obtained by a 
method comprising modifying at least one terminal with a 
carboxymethyl ether, followed by amidation; and those 
which are obtained by a method comprising modifying a 
hydroxyl terminal with an amino group, followed by ami- 
dation. Specific preferred examples of such aliphatic poly- 
ethers include a polyethylene glycol bis(carboxymethyl 
ether dimethylamide), a polypropylene glycol biscar- 
boxymethyl ether dimethylamide), a polyethylene glycol 



bis(carboxymethyl ether diethylamide), a glycerol polyeth- 
ylene glycol tri(carboxymethyl ether dimethylamide), a pen- 
taerythritol polyethylene glycol tetra(carboxymetbyl ether 
dimethylamide), a pentitol polyethylene glycol penta(car- 
boxymethyl ether dimethylamide) and a sorbitol polyethyl- 
ene glycol he xa(carboxy methyl ether dimethylamide). 

[0068] Examples of aliphatic polyethers which have a 
terminal alkylcarbonate group include those which are 
obtained by bonding a formyl ester group to at least one 
terminal of, for example, the above-mentioned polyalkylene 
glycol. Specific examples of such aliphatic polyethers 
include a bis(methoxycarbonyloxy) polyethylene glycol, a 
bis(ethoxycarbonyloxy) polyethylene glycol, a bis(ethoxy- 
carbonyloxy) polypropylene glycol and a bis(tert-butoxy- 
carbonyloxy) polyethylene glycol. 

[0069] Aliphatic polyethers modified with a urethane 
group or a trialkylsilyl group at a terminal can also be used. 
With respect to the modification with a trialkylsilyl group, 
especially preferred is a modification with a trimethylsilyl 
group. Such a modification can be conducted by using 
trimethylchlorosilane, trimethylchlorosilylacetoamido, hex- 
amethyldisilazane or the like. 

[0070] In terms of solubility and dispersibility of the metal 
oxide fine particles into the dispersion medium, the most 
preferable terminal group of the aliphatic polyether is a 
hydroxyl group. Polyether compounds which have a low 
molecular weight and are in a liquid state can be used by 
themselves as the dispersion medium. 

[0071] To obtain a metal thin film having high conductiv- 
ity by baking a metal oxide dispersion which comprises a 
polyether compound, the polyether compound is preferably 
burned off by baking it at a low temperature, a preferable 
molecular weight thereof is 150 to 6000, and a more 
preferable molecular weight is in the range of 250 to 1500. 
If the molecular weight of the polyether compound being 
used is too high, it becomes difficult to burn it off during 
baking, whereby a large amount of the polyether compound 
remains in the metal thin film. If there is a large amount of 
polyether compound remaining in the metal thin film, there 
may be problems with the volume resistivity of the metal 
thin film increasing and the like. Moreover, a polyether 
compound's molecular weight that is too large is not pref- 
erable because dispersibility into the dispersion medium is 
not sufficient. If the molecular weight is too small, the film 
forming property and denseness of the metal thin film 
obtained by heat treatment is reduced, which is also not 
preferable. 

[0072] The amount of polyether compound added to the 
metal oxide dispersion is 0.1 to 70% by weight of the overall 
weight of the metal oxide dispersion, and more preferably 1 
to 50% by weight. When the amount of polyether compound 
added is less than 0.1% by weight, the denseness of the 
metal films of the metal obtained by reduction of the metal 
oxide becomes lower, and adhesiveness to the substrate also 
tends to decrease. When the amount of polyether compound 
added exceeds 70% by weight, the viscosity of the metal 
oxide dispersion tends to increase, which is not preferable. 

[0073] A general method for dispersing powder into a 
liquid can be used to disperse the metal oxide dispersion into 
the dispersion medium. Examples of such a method include 
a supersonic method, a mixer method, a three rolled mixer 



4/2/2006, EAST Version: 2.0.3.0 



US 2005/0069648 Al 



7 



Mar. 31, 2005 



method, a two rolled mixer method, an attritor, a Banbury 
mixer, a paint shaker, a kneader, an homogenizer, a ball mill 
and a sand mill. Usually, dispersion is carried out using a 
plurality of these dispersion means. When the polyhydric 
alcohol (and/or polyether compound) is a liquid, the poly- 
hydric alcohol (and/or polyether compound) and the metal 
oxide can be added to the dispersion medium for dispersion 
at the same time. When the polyhydric alcohol (and/or 
polyether compound) is a solid, it is preferable to first 
dissolve the polyhydric alcohol (and/or polyether com- 
pound) in the dispersion medium, then add the metal oxide 
to this solution for dispersion. These dispersion treatments 
can be carried out at room temperature, and may also be 
heated to lower the solvent viscosity. Metal oxide dispersion 
treatment may be omitted by synthesizing a metal oxide 
having a particle diameter of less than 200 nm in the 
dispersion medium used in the present invention. 

[0074] It is particularly preferable to use in the metal oxide 
dispersion polyhydric alcohols having 10 or less carbon 
atoms as the dispersion medium, and to include an above- 
described polyether compound in the dispersion medium. 

[0075] A metal powder is preferably incorporated into the 
metal oxide dispersion in addition to the metal oxide par- 
ticles, as the characteristics of the metal junction layer 
obtained by heat treatment are improved, and it is possible 
to reduce the amount of metal oxide fine particles used. 
There are no particular restrictions on the metal powder 
which may be used, and such examples include gold, silver, 
copper, palladium, platinum, nickel, chromium, aluminum, 
tin, zinc, titanium, tungsten, tantalum, barium, rhodium, 
ruthenium, osmium, bismuth, iridium, cobalt, indium, iron, 
lead and the like. One or more metal powders may be 
selected depending on the objective. When high conductiv- 
ity is sought, silver, nickel and copper are in particular 
preferably used as they can be cheaply obtained industrially. 
Silver is also preferable as it has the effect of providing high 
oxidation resistance to the metal thin film. Further, when 
resistance to migration is required at the metal junction 
layer, a large amount of copper may be added, as it has 
strong migration resistance. 

[0076] There are no particular restrictions on the particle 
diameter of these metal powders, so that depending on the 
application a metal powder having a preferable diameter 
may be used. When obtaining the metal thin film by baking, 
the preferable diameter of the metal powder is 100 /an or 
less, and 10 fim or less is more preferable. When the metal 
powder diameter is more than 100 /an, the difference in size 
between the metal powder and the metal oxide fine particles 
is too large. This is not preferable because the smoothness of 
the metal junction layer decreases. When the metal oxide 
dispersion is used for an inkjet ink, the metal powder 
diameter is preferably 200 nm or less, and more preferably 
100 nm or less. 

[0077] The amount of metal powder that is added to the 
metal oxide dispersion is preferably such that the total 
content of the metal powder and the metal oxide fine 
particles is 5% by weight or more and 95% by weight or less 
of the overall weight of the metal oxide dispersion. The 
weight ratio of the metal powder to the metal oxide fine 
particles is preferably 9:1 to 1:9. When the total content of 
the metal powder and the metal oxide fine particles to be 
added is less than 5% by weight, the additive effect is small, 



and when it exceeds 95% in weight, the viscosity of the 
metal oxide dispersion increases, which is not preferable 
because it is difficult to apply and fill the dispersion. When 
the weight ratio of the metal powder to the metal oxide fine 
particles deviates from the 9:1 to 1:9 range, the effects of 
mixing the two types of particles becomes small, which are 
not preferable. 

[0078] It is preferable to add a thermosetting resin to the 
above metal oxide dispersion, since adhesiveness to the 
metal surface is improved by the heat curing, and strength 
also increases. Thermosetting resins that can be used are not 
particularly limited, as long as they can dissolve in the 
dispersion medium to be used, and are not detrimental to the 
dispersibility of the metal oxide dispersion. Examples 
thereof include an epoxy resin, a phenol resin, a resol resin, 
a polyimide, a polyurethane, a melamine resin, a urea resin, 
a polyimide resin and the like. 

[0079] Examples of the epoxy resin include a bisphenol A 
epoxy resin, a bisphenol F epoxy resin, a (cresol) novolak 
epoxy resin, a halogenated bisphenol epoxy resin, a resorcin 
epoxy resin, a tetrahydroxyphenyl ethane epoxy resin, a 
polyalcohol polyglycol epoxy resin, a glycerol triethyl 
epoxy resin, a polyolefin epoxy resin, an epoxidized soybean 
oil, a cyclopentadiene dioxide, a vinylcyclohexene dioxide 
and the like. 

[0080] Liquid epoxy resins preferably have a low viscos- 
ity. Examples thereof include phenoxyalkyl monoglycidyl 
ether, bisphenol A diglycidyl ether, proplyene glycol digly- 
cidyl ether, polyproplyene glycol diglycidyl ether, hex- 
anediol diglycidyl ether, hydrogenated bisphenol A digly- 
cidyl ether, neopentyl glycol diglycidyl ether, glycerol 
diglycidyl ether, N,N-diglycidylaniline, N,N-diglycidyl 
toluidine, trimethylolpropane triglycidyl ether, glycerol trig- 
lycidyl ether and the respective polysiloxane diglycidyl 
ether of the liquids. 

[0081] Among the liquid epoxy resins, alcohol epoxy 
resins which can disperse well in a polyhydric alcohol 
dispersion medium are preferably used. Examples thereof 
include polyethylene glycol diglycidyl ether, polyproplyene 
glycol diglycidyl ether, 1,4-butanediol diglycidyl ether and 
the like. 

[0082] In the present invention, a general epoxy curing 
agent may be used as the epoxy curing agent. Examples 
thereof include aliphatic polyamines such as a triethylene- 
tetramine and an m-xylene diamine; aromatic amines such 
as a m-phenylenediamine and a diaminodiphenylsulfone; 
tertiary amines such as a benzyldimethylamine and a dim- 
ethylamino methylphenol; acid anhydrides such as a 
phthalic anhydride and a hexahydro phthalic anhydride; and 
boron trifluoride amine complexes such as a BF3-piperidine 
complex. In addition bisphenol compounds such as bisphe- 
nol A can also be used. A dicyandiamide, 2-ethyl-4-meth- 
ylimidazole or tris{methylamino)silane may also be used. 
Examples of resin curing agents include poly amide resins 
prepared from a linolenic acid dimer and an ethylene 
diamine and the like; polysulfide resins having a mercapto 
group on both terminals, a novolak phenol resin and the like. 
These may be used alone or in combination of two or more 
thereof. 

[0083] An added amount of the curing agent differs 
depending on the curing agent. When the agent reacts 
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stoichiometrically with the glycidyl group, such as for an 
anhydride, the optimum added amount is determined from 
the epoxy equivalent amount. When the agent reacts cata- 
lytically, 3 to 30% by weight is typical. When the room 
temperature reactivity of these curing agents is high, the 
liquid containing the initiator may be mixed to the adhesive 
just before use, or the curing agent may be a microcapsule 
encapsulated in an approximately 100 gelatin capsule or 
the like. 

[0084] Polyimide resins, which are another example of the 
thermosetting resin, may be obtained by heat condensating 
a polyamide acid solution, which is a precursor thereof. 
Polyamide acids which may be used in the present invention 
can be prepared from a tetracarboxylic acid dianhydride and 
diamino compound. Examples of the tetracarboxylic acid 
dianhydride include pyromellitic acid dianhydride, 3,3', 4,4'- 
benzophenone tetracarboxylic acid dianhydride, 1,4,5,8- 
naphthalene tetracarboxylic acid dianhydride, 2,3,6,7-naph- 
thalene tetracarboxylic acid dianhydride, 1,2,5,6- 
naphthalene tetracarboxylic acid dianhydride, 3,3',4,4'- 
biphenyl tetracarboxylic acid dianhydride, 2,2\3,3 , -biphenyl 
tetracarboxylic acid dianhydride, 2,3,3 , ,4'-biphenyl tetracar- 
boxylic acid dianhydride, 2,3,3', 4'-benzophenone tetracar- 
boxylic acid dianhydride, 2,2-bis(3,4-dicarboxyphenyl) pro- 
pane dianhydride and 2,2-bis[5-(3,4-dicarboxyphenoxy) 
phenyl] propane dianhydride. Examples of the diamino 
compound include m-phenylenediamine, p-phenylenedi- 
amine, 2,4-tolylenediamine, 3,3-diaminodiphenyl ether, 
3,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl ether, 
3,3 , -diaminodiphenylsulfone, 4,4 , -diaminodiphenylsulfone, 
S^'-diaminodiphenylsulfone, 3,3'-diaminodiphenyl- 
methane, 4,4'-diaminodiphenyImethanc, 3,4 , -diaminodiphe- 
nylmethane, 4,4'-diaminodiphenylsulfide, 3,3'-diamino- 
diphenylketone, 4,4-diaminodiphenylketone, 3,4'- 
diaminodiphenylketone, 2,2'-bis(4-aminophenyl)propane 
and the like. 

[0085] In the present invention, the amount of the ther- 
mosetting resin mat is added to the metal oxide dispersion is 
preferably 0.1 to 20% by weight of the overall weight of the 
dispersion medium, polyether compound and thermosetting 
resin, and more preferably 1 to 10% by weight. If the amount 
of thermosetting resin is less than 0.1% by weight the 
additive effect is small. Further, an amount exceeding 20% 
is unsuitable as a metal thin film forming material, because 
metal junction layer conductivity markedly decreases. 

[0086] In the present invention, the polyhydric alcohol and 
polyether compound, which are both reducing agent, have 
the effect of reducing the metal oxide. However, it is 
preferable if a reducing agent capable of reducing the metal 
oxide is added to the metal oxide dispersion in addition to 
the polyhydric alcohol and polyether compound, because the 
metal oxide can be reduced even more easily. Such a 
reducing agent is not particularly limited, and may be an 
organic reducing agent or an inorganic reducing agent, so 
long as it is able to reduce the metal oxide. Examples of an 
inorganic reducing agent include hydrides such as sodium 
borohydride and lithium borohydride; sulfur compounds 
such as sulfur dioxide; the salt of lower oxides such as 
sulfite; hydrogen iodide; carbon and the like. 

[0087] Examples of organic reducing agents other than a 
polyhydric alcohol or a polyether compound include alde- 
hydes, hydrazines, diimides and oxalic acids. Examples of 



aldehydes include aliphatic saturated aldehydes such as 
formaldehyde, acetaldehyde, propionaldehyde, butyralde- 
hyde, isobutylaldehyde, valeraldehyde, isovaleraldehyde, 
pivalinaldehyde, capronaldehyde, heptaldehyde, caprylalde- 
hyde, pelargonic aldehyde, undecylaldehyde, lauraldehyde, 
tridecylaldehyde, myristate aldehyde, pentadecylaldehyde, 
palmitaldehyde, margarin aldehyde and stearin aldehyde; 
aliphatic dialdehydes such as glyoxal and succindialdehyde; 
aliphatic unsaturated aldehydes such as acrolein, crotonal- 
dehyde and propiolaldehyde; aromatic aldehydes such as 
benzaldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualde- 
hyde, salicylaldehyde, cinnamaldehyde, a-naphthaldehyde 
and p-naphthaldehyde; and heterocyclic aldehydes such as 
furfural. 

[0088] The diimides can be obtained by thermally decom- 
posing azodicarboxylate, hydroxylamine-O-sulfonic acid, 
N-allenesulfonyl hydrazide or N-acylsulfonyl hydrazide. 
Examples of the N-allenesulfonyl hydrazide or N-acylsul- 
fonyl hydrazide include p-toluenesulfonyl hydrazide, ben- 
zenesulfonyl hydrazide, 2,4,6-trisisopropyIbenzenesulfonyl 
hydrazide, chloroacetyl hydrazide, o-nitrobenzenesulfonyl 
hydrazide, m-nitrobenzenesulfonyl hydrazide and p-ni- 
trobenzenesulfonyl hydrazide. 

[0089] The content of organic reducing agents other than 
a polyhydric alcohol or a polyether compound is 0.1 to 70% 
by weight of the overall weight of the metal oxide disper- 
sion, preferably 0.1 to 50% by weight and more preferably 
0.1 to 20% by weight, and still more preferably 1 to 10% by 
weight. 

[0090] In the present invention, a metal oxide precursor, 
such as a metal alkoxide compound, may be added to the 
metal oxide dispersion to improve the strength of the metal 
thin film obtained by baking and to improve adhesiveness to 
the substrate. The metal alkoxide is represented by the 
general formula M(OR 1 ) n , where M is a metal element, R 1 
is an alkyl group and n is the oxidation number of the metal. 
Examples of M include silane, titanium, zirconia, aluminum 
and the like. Examples of the alkyl group include methyl 
group, ethyl group, i-propyl group, n-butyl group, tert -butyl 
group and the like. Representative examples of the metal 
alkoxide compound include silicon compounds such as 
tetramethoxysilane, tetraethoxysilane, tetra(n-propoxy)si- 
lane, tetra(i-propoxy)silane, tetra(n-butoxy)silane, tetra-sec- 
butoxysilane and tetra-tert-butoxysilane; and titanium com- 
pounds such as tetraethoxytitanium, tetra(n- 
propoxy)titanium, tetra(i-propoxy)titanium, tetra(n- 
butoxy)titanium, tetra-sec-butoxytitanium and tetra-tert- 
butoxy titanium. Liquid compounds of these compounds are 
preferable since they can easily disperse in the metal oxide 
dispersion. Moreover, compounds which have an organic 
group R directly added to the metal can also be used, such 
as a metal alkoxide represented by (R 2 ) x (M)(OR 1 ) n . x (where 
n-x is 1 or more) The organic group R 2 is, for example, 
methyl group, ethyl group, propyl group, phenyl group and 
butyl group. 

[0091] A general method can be used as the method for 
dispersing the materials such as the metal powder, thermo- 
setting resin, reducing agent, alkoxide into the metal oxide 
dispersion liquid, such as a supersonic method, a mixer 
method, a three rolled mixer method, a two rolled mixer 
method, an attriter, a Banbury mixer, a paint shaker, a 
kneader, an homogenizer, a ball mill and a sand mill. 
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Dispersion of these materials may be carried out at the same 
time as dispersing the polyhydric alcohol (and/or polyether 
compound) and the metal oxide into the dispersion medium. 

[0092] Next, a method for forming a metal thin film onto 
a substrate (method for forming a laminate comprising a 
substrate and a metal thin film) using the metal oxide 
dispersion according to the present invention will be 
explained. 

[0093] Either an inorganic or an organic substrate can be 
used as the substrate. Examples of inorganic substrates that 
can be used include semiconductor substrates such as a glass 
substrate, silicon and germanium, and compound semicon- 
ductor substrates such as gallium-arsenic and indium-anti- 
mony. These semiconductor substrates may be used with a 
thin film of another material forming thereon. Examples of 
material for such a thin film include metals, such as alumi- 
num, titanium, chromium, nickel, copper, silver, tantalum, 
tungsten, osmium, platinum and gold; inorganic compounds, 
such as silicon dioxide, fluorinated glass, phosphate glass, 
boron-phosphate glass, borosilicate glass, polycrystalline 
silicon, alumina, titania, zirconia, silicon nitride, titanium 
nitride, tantalum nitride, boron nitride, hydrogen silsesqui- 
oxane and ITO (indium tin oxide); methyl silsesquioxane; 
amorphous carbon, fluorinated amorphous carbon and a 
polyimide. 

[0094] There are no particular restrictions on the organic 
substrate which can be used as long as it does not suffer 
thermal damage at the heating temperature of the metal 
oxide dispersion. For example substrates such as a polyim- 
ide substrate, a polyethylene terephthalate (PET) substrate, 
an aramid substrate, an epoxy substrate and a fluororesin 
substrate can be used. 

[0095] Prior to the formation of a thin film, the surface of 
the substrate may be treated with a physical procedure such 
as plasma treatment or electron beam treatment for improv- 
ing adhesion etc. or treated with a chemical procedure such 
as adhesion promoter. Examples of the adhesion promoter 
include substances used as a so-called silane coupling agent, 
or chelate compounds of aluminum. Especially preferred 
examples of the adhesion promoter include 3-aminopropy- 
ltrimethoxysilane, 3-aminopropyltriethoxysilane, N-(2-ami- 
noethyl)-3-aminopropyltrimethoxysilane, N-(2-aminoet- 
hyl)-3-aminopropylmethyldimethoxysilane, 
vinyltrichlorosilane, vinyltriethoxysilane, 3-chloropropyltri- 
methoxysilane, 3-chloropropylmethyldichlorosilane, 
3-chloropropylmethyldimethoxysilane, 3-chloropropylm- 
ethyldiethoxysilane, 3-mercaptopropyltrimethoxysilane, 
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropylm- 
ethyldimethoxysilane-, 3-methacryloxypropyltrimethoxy- 
silane, 3-methacryloxypropylmethyldimethoxysilane, hex- 
amethyldisilazane, (ethyl acetoacetate)aluminum 
diisopropylate, tris(ethyl acetoacetate)aluminum, bis(ethyl 
acetoacetate) aluminum monoacetylacetonate, and 
tris(acetylacetonate)aluminum. If desired, when the adhe- 
sion promoter is applied onto a substrate, other additives 
may be added to the agent, and the agent may be diluted with 
a solvent. The treatment by the adhesion promoter may be 
conducted by a known method. 

[0096] To improve adhesion for an organic substrate, the 
organic substrate may be subjected to immersion in an 
aqueous alkaline solution then heated. For example, for a 
polyimide resin, it is known that by treating in an approxi- 



mately 5 M potassium hydroxide solution for about 5 
minutes the carboxyl groups generated by the cleaving of the 
imide ring provide an anchor effect. 

[0097] To form a metal thin film on a substrate using the 
metal oxide dispersion according to the present invention, 
the metal oxide dispersion is first applied onto the substrate. 
The application method may be a method commonly used 
for applying a dispersion onto a substrate, such as a screen 
printing method, a dip coating method, a spray application 
method, a spin coating method and an inkjet method. The 
applied thickness when the dispersion is applied onto the 
substrate is preferably 0.1 to 100 ^m, and more preferably 1 
to 30 fim. 

[0098] Once the dispersion is applied onto the substrate, 
the substrate with the dispersion applied thereon is subjected 
to heat treatment at a temperature enough to reduce the metal 
oxide to the metal, whereby a metal thin film is formed on 
the substrate. When the obtained metal thin film is easily 
oxidized, it is preferable to carry out the heat treatment in a 
non-oxidizing atmosphere. When the metal oxide is not 
easily reduced by only the reducing agents in the metal oxide 
dispersion (the polyhydric alcohol, polyether compound and 
any reducing agent additionally added other than the poly- 
hydric alcohol and polyether compound), it is preferable to 
bake in a reducing atmosphere. It is also preferable to carry 
on baking in a reducing atmosphere after baking in an inert 
atmosphere, because the denseness of the obtained metal 
thin film further increases. Anon-oxidizing atmosphere is an 
atmosphere that does not contain oxidizing gases such as 
oxygen, so that there are an inert atmosphere and a reducing 
atmosphere. An inert atmosphere is an atmosphere that is 
full of inert gases such as, for example, argon, helium, neon 
or nitrogen. A reducing atmosphere means an atmosphere in 
which reducing gases such as hydrogen or carbon monoxide 
are present. Baking may be carried out as a closed system by 
filling the baking furnace with these gases, or may carried 
out as a flow system while flowing these into the baking 
furnace. When baking in a non-oxidizing atmosphere, it is 
preferable to first make the baking furnace into a vacuum to 
remove oxygen from the baking furnace, then exchange with 
non-oxidizing gas. Baking may be carried out in a pressur- 
ized atmosphere, or in a reduced pressure atmosphere. 

[0099] A preferred heating temperature during these 
reducing treatments is 50° C. or more and 500° C. or less, 
more preferred is 80° C. and more to 400° C. or less and still 
more preferred is 100° C. or more and 350° C. or less. The 
polyether compound and/or polyhydric alcohol that is an 
essential constituent of the metal oxide dispersion according 
to the present invention can be burned off (or degraded) at 
such relatively low temperatures. When reducing the metal 
oxide at a temperature less than 50° C, the storage stability 
of the metal oxide dispersion tends to worsen, which is not 
preferable. A temperature of more than 500° C. exceeds the 
thermal resistance of many organic substrates, which is not 
preferable because usage becomes impossible on organic 
substrates. The time required for heat treatment is effected 
by the type of metal oxide, heating atmosphere and tem- 
perature, and by the morphology and size of the dispersion 
to be heat treated. When copper oxide is used as the metal 
oxide, 1 to 2 hours is sufficient where the thin film is in the 
order of micron meters, hydrogen gas is used as the reducing 
gas without diluting and the heating temperature is set at 
approximately 200° C. to 300° C. 
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[0100] Even for the same metal oxide, there are cases 
where a small diameter metal oxide is reduced just by baking 
in an inert atmosphere, while a large diameter metal oxide 
requires baking in a reducing atmosphere. This is because a 
metal oxide having a small particle diameter is more easily 
reduced than that having a large particle diameter. In such 
cases it is possible to form a metal thin film without any 
practical problems by baking in an inert atmosphere. 

[0101] The metal thin film obtained by baking the metal 
oxide dispersion according to the present invention has as 
raw materials metal oxide fine particles having a particle 
diameter of less than 200 nm. This means that the micro- 
scopic structure of the thin film is a structure wherein the 
primary particle diameter of the less than 200 nm metal fine 
particles obtained by reducing the metal oxide fine particles 
of the raw materials have fused together. For more detail on 
the structure, the metal fine particles having a primary 
particle diameter of less than 200 nm fuse together to form 
grains which then contact or fuse to form a thin film. This 
can be observed using an electron microscope on a baked 
metal thin film. 

[0102] The size of the metal grains which are formed by 
the metal fine particles obtained by reduction of the metal 
oxide fine particles fusing together is effected by the heat 
treatment atmosphere and temperature, and the treatment 
time. Metal grains formed by a high-temperature long-time 
heat treatment are larger. Metal grains tend to become larger 
if formed by a heat treatment in a reducing atmosphere. The 
larger the size of the metal grains, and the smaller the pore 
structure among metal grains packed densely together, and 
the less the number of the pore, the more suitable the metal 
thin film becomes as a conductive thin film, because metal 
thin film conductivity gets closer to the metal bulk value. 

[0103] As will be explained in the following, the structure 
of the metal thin film obtained by baking the metal oxide 
dispersion depends on the content of polyether compound in 
the metal oxide dispersion. 

[0104] The metal grains in a metal thin film obtained by 
baking a metal oxide dispersion having the content of 
polyether compound between 0.1 to 70% by weight of the 
overall weight of the metal oxide dispersion are packed 
densely, so that the volume resistivity of the metal thin film 
is close to its metal bulk value. Therefore, for example, such 
films can be preferably used in implementation fields as 
wiring material or connecting material that demand a low 
volume resistivity. 

[0105] However, a metal thin film obtained by baking a 
metal oxide dispersion having the content of polyether 
compound of less than 0.1% by weight of the overall weight 
of the metal oxide dispersion has a porous structure, which 
makes its surface volume large and therefore can be pref- 
erably used in applications such as an electrode. According 
to the production process of the present invention, a porous 
metal thin film can be produced which has a pore diameter 
of 1 or less. 

[0106] The production process of the metal thin film 
according to the present invention is a process for obtaining 
a metal thin film by inter-particle fusion of the particles of 
the metal fine particles generated by reducing metal oxide 
fine particles. A pressurizing step is not required, because 
this process relies on an autonomous fusion attractive force 



which acts among the particles by reduction. As described 
above, because the primary particle diameter of the metal 
oxide fine particles is very small at less than 200 nm, and 
because the polyether compound and polyhydric alcohol are 
in themselves reducing, it is thought that the autonomous 
fusion of among the metal oxide fine particles occurs more 
easily. In addition, because an organic binder which would 
be burned off at high temperature is not used, a metal thin 
film can be produced by the heat treatment at a relatively low 
temperature. The polyhydric alcohol or polyether compound 
will be oxidized and be degraded itself and evaporate by 
being baked at a relatively low temperature, so that such 
insulating constituents are hard to remain in the metal thin 
film, whereby volume resistivity of the metal thin film 
decreases. As also described above, a porous metal thin film 
can be easily obtained by adjusting the content of polyether 
compound in the metal oxide dispersion. In addition, by 
controlling the thickness of the metal oxide dispersion 
applied onto the substrate, the thickness of the obtained 
metal thin film can be arbitrarily controlled. This is particu- 
larly preferable for uses such as a metal foil attached to resin, 
as it has the advantage of being able to easily form the ultra 
thin metal layers which are required when forming fine pitch 
circuits in particular. 

[0107] When the metal oxide dispersion comprises a metal 
powder, a metal thin film, in which the metal fine particles 
generated by reducing the metal fine particles are fused 
among the metal powder, can be obtained by baking. There- 
fore, the metal constituents of the metal thin film obtained in 
accordance with the present invention are made up of metals 
which can be obtained by reduction of a metal oxide, and 
metals which are added as a metal powder. The metals 
obtained by reduction of a metal oxide and the metals which 
are added as a metal powder may be either the same or 
different. Examples of the metals which can constitute the 
metal thin film include gold, silver, copper, palladium, 
platinum, nickel, chromium, aluminum, tin, zinc, titanium, 
tungsten, tantalum, barium, rhodium, ruthenium, osmium, 
bismuth, iridium, cobalt, indium, iron and lead, wherein the 
metal thin film comprises at least one of these metals. 

[0108] The production process of a metal thin film accord- 
ing to the present invention is a process for producing a 
metal thin film by generating metal fine particles in-situ 
through baking at a relatively low temperature, then fusing 
the particles together to form the metal thin film. This 
process has the advantage that a metal thin film can be 
produced at low cost, because it uses for its raw materials 
low cost metal oxide rather than expensive metal fine 
particles. There is also no need to disperse the metal oxide 
fine particles beforehand into a special medium (which 
requires high temperature to degrade) such as a crystalline 
polymer. This means that a metal thin film can be formed by 
heat treatment at a relatively low temperature of 500° or less, 
which therefore has the advantage that the process costs are 
inexpensive. In other words, the production process of a 
metal thin film according to the present invention is a 
process that allows production of a metal thin film by a 
baking process using low cost raw materials at a low 
temperature. 

EXAMPLES 

[0109] The present invention will now be specifically 
described by way of examples. However, the present inven- 
tion is not to be limited thereto. 



4/2/2006, EAST Version: 2.0.3.0 



US 2005/0069648 Al 



11 



Mar. 31, 2005 



[0110] The primary particle diameter of copper oxide 
particles according to the present invention, and the surface 
morphology of a metal thin film obtained by baking, were 
determined by observing their surface using a scanning 
electron microscope (S-4700) manufactured by Hitachi 
High-Technologies Corporation. The average secondary 
particle diameter of the metal oxide in the metal oxide 
dispersion was measured using a laser scattering particle 
size distribution analyzer (LA-920) manufactured by 
Horiba, Ltd. Volume resistivity of the metal thin film 
obtained was determined by a 4-pin probe method using a 
low resistivity meter Loresta-GP (manufactured by Mitsub- 
ishi Chemical Corporation). 

Example 1 

Preparation of Cupric Oxide Fine Particles 
Dispersion, and Production Example of a Porous 
Copper Thin Film 

[0111] 5 g of cupric oxide nanoparticles (particle diameter 
10 to 100 nm, nominal average particle diameter 30 nm, 
manufactured by C.I. Kasei Co., Ltd.) was added to 5 g of 
diethylene glycol, and the mixture was subjected to a 
dispersion treatment of 10 minutes on stirring mode and 5 
minutes on de foaming mode using a stirring-de foaming 
machine (HM-500) manufactured by Keyence Corporation 
to give a cupric oxide fine particle dispersion. The obtained 
cupric oxide dispersion was applied onto a slide glass so as 
to have a 2 cm length, 1 cm width, and 20 pm thickness. This 
slide glass was put into a baking furnace, and after the 
furnace interior had been vented by a vacuum pump, hydro- 
gen gas was flowed in a flow rate of 1 liter/minute. The 
temperature of the baking furnace was raised over 1 hour 
from room temperature to 250° C. Once 250° C. had been 
reached, heating was continued for another one hour for 
baking. After cooling, the slide glass was removed. When 
the slide glass was observed, the obtained copper thin film 
was a porous thin film having a thickness of 4 /mi and a pore 
diameter of approximately 0.3 fim. This thin film was easily 
stripped off from the slide glass using scotch tape, and the 
volume resistivity of this film was 5xl0~ 5 Qcm. 

Example 2 

Preparation of Cupric Oxide Fine Particles 
Dispersion, Production Example of a Porous 
Copper Thin Film 
[0112] A cupric oxide fine particles dispersion was pre- 
pared using the same dispersion process as used in Example 
1 with the dispersion medium changed to ethylene glycol. 
The cupric oxide dispersion was hydrogen baked under the 
same conditions as those of Example 1, except for the 
baking temperature being changed to 200° C. This thin film 
was easily stripped off from the slide glass using scotch tape, 
and the volume resistivity of this film was 6xl0~ 5 Qcm. 
After cooling, the slide glass was removed, and upon 
observing the slide glass, a porous copper thin film was 
formed having a thickness of 4 //m and a pore diameter of 
approximately 0.2 pm. 

Example 3 

Preparation of Cupric Oxide Fine Particles 
Dispersion, Production Example of a Porous 
Copper Thin Film 

[0113] A cupric oxide fine particles dispersion was pre- 
pared using the same dispersion process as used in Example 



1, with the dispersion medium changed to a 1:1 mixed 
dispersion medium of diethylene glycol and water. The 
baking atmosphere was changed to argon, the baking tem- 
perature to 350° C. and the baking furnace was made into a 
closed system, wherein the temperature of the baking fur- 
nace was raised over 1 hour from room temperature to 350° 
C. Once 350° C. had been reached, heating was continued 
for another one hour for baking. After cooling, the slide glass 
was removed. When the slide glass was observed, the 
obtained copper thin film was a porous thin film having a 
thickness of 5 ^m and a pore diameter of approximately 0.5 
fun. This thin film was easily stripped off from the slide glass 
using scotch tape, and the volume resistivity of this film was 
5xl0 -5 Qcm. 

Example 4 

Preparation of Cupric Oxide Fine Particles 
Dispersion, Production Example of a Copper Thin 
Film 

[0114] A mixture of 5 g of cupric oxide nanoparticles 
(particle diameter 10 to 100 nm, nominal average particle 
diameter 30 nm, manufactured by C.I. Kasei Co., Ltd.), 1 g 
of polyethylene glycol (average molecular weight 600, 
manufactured by Wako Pure Chemical Industries, Ltd.) and 
4 g of ethylene glycol (manufactured by Wako Pure Chemi- 
cal Industries, Ltd.) was subjected to the same dispersion 
conditions as those of Example 1 to give a cupric oxide fine 
particles dispersion. The obtained cupric oxide dispersion 
was applied onto a slide glass so as to have a 5 cm length, 
1 cm width, and 10 pm thickness. This slide glass was put 
into a baking furnace, and after the furnace interior had been 
vented by a vacuum pump, hydrogen gas was flowed in a 
flow rate of 1 liter/minute. The temperature of the baking 
furnace was raised over 1 hour from room temperature to 
250° C. Once 250° C. had been reached, heating was 
continued for another one hour for baking. After cooling, a 
homogenous copper thin film having a thickness of 8 /mi 
was confirmed to have formed on the slide glass. This thin 
film had high adhesiveness to the slide glass, wherein under 
the stripping test using scotch tape, the film was not stripped 
off. The volume resistivity of this film was a low 1.5x10" 5 
Qcm. 

Examples 5 to 7 

Preparation of Cupric Oxide Fine Particles 
Dispersion, Production Example of a Copper Thin 
Film 

[0115] A mixture of 5 g of cupric oxide nanoparticles 
(particle diameter 10 to 100 nm, nominal average particle 
diameter 30 nm, manufactured by C.I. Kasei Co., Ltd.), 4.5 
g of ethylene glycol (manufactured by Wako Pure Chemical 
Industries, Ltd.) and 0.5 g of respectively 400, 600 and 1000 
average molecular weight polyethylene glycol (manufac- 
tured by Wako Pure Chemical Industries, Lid.) was sub- 
jected to the same dispersion conditions as those of Example 
1 to give a cupric oxide fine particles dispersion. Copper thin 
films were obtained using the same procedure as that of 
Example 4. The obtained copper thin films all had high 
adhesiveness to the slide glass, wherein under the stripping 
test using scotch tape, none of the films was stripped off. The 
volume resistivity of these thin films was a low 2 to 3xl0~ 5 
Qcm. 
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Example 8 

Preparation of Cupric Oxide Fine Particles 
Dispersion, Production Example of a Copper Thin 
Film 

[0116] A mixture of 4 g of cupric oxide nanoparticles 
(particle diameter 10 to 100 nm, nominal average particle 
diameter 30 nm, manufactured by C.I. Kasei Co., Ltd.), 2 g 
of water and 2 g of polyethylene glycol (manufactured by 
Wako Pure Chemical Industries, Ltd.) having an average 
molecular weight of 400, was subjected to the same disper- 
sion conditions as those of Example 1 to give a cupric oxide 
fine particles dispersion. A copper thin film was obtained 
using the same procedure as that of Example 4. The obtained 
copper thin film was easily stripped off from the slide glass 
using scotch tape, and the volume resistivity was 4xl0" 5 
Qcm. 

Example 9 

Preparation of Cuprous Oxide Fine Particles 
Dispersion, Production Example of a Copper Thin 
Film 

[0117] In a three necked flask made of glass, 2.7 g of 
copper acetate (manufactured by Wako Pure Chemical 
Industries, Ltd.) and 0.9 g of purified water were added to 90 
ml of diethylene glycol. The resulting mixture was heated to 
190° in an oil bath, and the heating was continued for 2 
hours at that temperature. The reaction was ended after two 
hours, and after cooling to room temperature a product was 
obtained by centrifugal sedimentation using a centrifugal 
separator manufactured by Hitachi Koki Co., Ltd., wherein 
the un reacted copper acetate remaining in the supernatant 
liquid was discarded. To the centrifugally separated sedi- 
ment, 100 ml of diethylene glycol was added and ultrasoni- 
cally dispersed and successively by centrifugal separating 
with a force of 20,000 G cuprous oxide particles larger than 
100 nm were made to sediment. Cuprous oxide particles of 
100 nm or less which remained in the supernatant liquid 
were then made to sediment again by centrifugal separating 
with a force of 35,000 G, whereby cuprous oxide particles 
of 100 nm or less were obtained as a sediment. A portion of 
the obtained particles was put onto a slide glass, and then 
after vacuum drying at 85° C, the surface morphology was 
observed using an electron microscope. The cuprous oxide 
primary particle diameter was 30 to 100 nm, wherein the 
average particle diameter thereof was 80 nm. The average 
secondary particle diameter observed using a laser scattering 
method was 120 nm. 

[0118] To 0.3 g of cuprous oxide, 0.12 g of polyethylene 
glycol (average molecular weight of 400, manufactured by 
Wako Pure Chemical Industries, Ltd.) and 0.18 g of dieth- 
ylene glycol were added, the resulting mixture was sub- 
jected to ultrasonic dispersion to give a cuprous oxide 
dispersion. The obtained cuprous oxide dispersion was 
applied onto a slide glass so as to have a 5 cm length, 1 cm 
width, and 30 /an thickness. This slide glass was put into a 
baking furnace, and after the interior of the furnace had been 
vented by a vacuum pump, hydrogen gas was flowed in a 
flow rate of 0.1 liter/minute. The temperature of the baking 
furnace was raised over 1 hour from room temperature to 
300° C. Once 300° C. had been reached, heating was 
continued for another one hour for baking. After cooling, a 



homogenous copper thin film having a thickness of 8 fan 
was confirmed to have formed on the slide glass. The 
obtained copper thin film had high adhesiveness to the slide 
glass, wherein under the stripping test using scotch tape, the 
film was not stripped off. The volume resistivity of this thin 
film was a low 4x1 0 r6 Qcm. 

Example 10 

Preparation of a Cuprous Oxide Fine Particles 
Dispersion, and Production Example of a Copper 
Thin Film (Mixed Dispersion Medium Example) 

[0119] To 0.3 g of the cuprous oxide particles obtained in 
Example 9, 0.12 g of polyethylene glycol (average molecu- 
lar weight of 400 manufactured by Wako Pure Chemical 
Industries, Ltd.), 0.05 g of ethylene glycol and 0.13 g of 
ethanol were added. The resulting mixture was subjected to 
ultrasonic dispersion to give a cuprous oxide dispersion. 
This was applied onto a slide glass in the same way as in 
Example 9, then baked to give a copper thin film having a 
thickness of 9 /mi and a volume resistivity of 6xl0~ 6 Qcm. 
The obtained copper thin film had high adhesiveness to the 
slide glass, wherein it was not stripped off in the stripping 
test using scotch tape. 

Example 11 

Preparation of a Cuprous Oxide Fine Particles 
Dispersion, and Production Example of a Copper 
Thin Film (Example Wherein 2-Stage Baking Was 
Carried Out in an Inert Atmosphere and a Reducing 
Atmosphere) 

[0120] In the baking step of the cuprous oxide fine par- 
ticles dispersion obtained in Example 9, rather than directing 
carrying out hydrogen reduction treatment at 300° C, first 
the slide glass was placed on a hotplate. While nitrogen gas 
was made to flow over the entire hotplate, the hotplate 
temperature was raised from room temperature to 250° C. 
and baked for 1 hour at 250° C. After cooling, the prelimi- 
narily baked slide glass was moved to a baking furnace. 
After the baking furnace had been sufficiently exhausted of 
gases by a vacuum pump, hydrogen gas was flowed into the 
furnace for reduction baking for 1 hour at 30°° C. to obtain 
a copper thin film having a film thickness of 5 /im. The 
volume resistivity of the copper thin film was extremely low 
at 3xl0" 6 Qcm. The obtained copper thin film had high 
adhesiveness to the slide glass, wherein it was not stripped 
off in the stripping test using scotch tape. 

Example 12 

Preparation of a Cuprous Oxide Fine Particles 
Dispersion Comprising a Sugar Alcohol, and 
Production Example of a Copper Thin Film 

[0121] 0.1 g of the cuprous oxide particles obtained in 
Example 9 having a particle diameter of 100 nm or less, 0.1 
g of polyethylene glycol (average molecular weight of 400, 
manufactured by Wako Pure Chemical Industries, Ltd.), and 
0.1 g of sorbitol were added to 0.7 g of ethylene glycol. The 
resulting mixture was subjected to ultrasonic dispersion to 
give a cuprous oxide dispersion containing 10% by weight 
of cuprous oxide. The average secondary particle diameter 
of the cuprous oxide in the cuprous oxide dispersion imme- 
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diately after dispersing was 120 nm. After subjecting to 
ultrasonic dispersion the dispersion was left overnight. 
There was no change in the average secondary particle 
diameter of the cuprous oxide in the dispersion. 

[0122] When the obtained dispersion was screen printed 
onto a polyimide film with a screen having a 30 //m 
line/space feature (manufactured by Sonocom Co., Ltd.), 
excellent print ability was displayed. The above side glass 
was put into a baking furnace, and after the furnace interior 
had been vented by a vacuum pump, hydrogen gas was 
flowed in a flow rate of 1 liter/minute. The temperature of 
the baking furnace was raised over 1 hour from room 
temperature to 250° C. Once 250° C. had been reached, 
heating was continued for another one hour for baking. After 
cooling, the polyimide film was removed. When the surface 
of the film was observed by an electron microscope, copper 
wiring was confirmed to have formed without any discon- 
nections. 

Example 13 

Preparation of a Cuprous Oxide Fine Particles 
Dispersion Comprising a Sugar Alcohol, and 
Production Example of a Copper Thin Film 

[0123] A cuprous oxide dispersion was prepared in the 
same weight ratio and the same procedure as that of 
Example 12, except that erythritol was used as the sugar 
alcohol. The resulting cuprous oxide dispersion was sub- 
jected to ultrasonic dispersion and left overnight, but there 
was no change in the average secondary particle diameter of 
the cuprous oxide in the dispersion of 120 nm. When the 
same dispersion was screen printed in the same manner as 
Example 12 onto a polyimide film with a screen having a 30 
fim line/space feature, excellent printability was displayed. 
Heating treatment was carried out in the same manner as 
Example 12, wherein after cooling, the polyimide film was 
removed. When the surface of the film was observed by a 
microscope, copper wiring was confirmed to have formed 
without any disconnections. 

Example 14 

Preparation of a Cupric Oxide Fine particles 
dispersion containing metal particles, and 
Production Example of a Copper Thin Film 

[0124] A mixture of 5 g of cupric oxide fine particles 
(particle diameter 10 to 100 nm, nominal average particle 
diameter 30 nm, manufactured by C.I. Kasei Co., Ltd.), 4 g 
of ethylene glycol (manufactured by Wako Pure Chemical 
Industries, Ltd.), polyethylene glycol (average molecular 
weight 600) and 0.5 g of silver particles (average particle 
diameter 2.5 /an, manufactured by Sigma-Aldrich Co.) was 
dispersed in the same manner as in Example 1 to give a 
cupric oxide fine particle dispersion containing silver par- 
ticles, which was baked in the same manner as in Example 
1. The volume resistivity of the obtained silver-particle 
containing copper thin film was 7x10" 5 Qcm. Compared 
with a copper thin film which did not contain silver particles, 
the obtained thin film had strong oxidation resistance. In 
addition, this thin film bad strong adhesiveness to the slide 
glass and was not stripped off in the stripping test using 
scotch tape. 



Example 15 

Preparation of a Cupric Oxide Fine particles 
dispersion containing metal particles, Production 
Example of a Copper Thin Film 

[0125] A mixture of 5 g of cupric oxide fine particles 
(particle diameter 10 to 100 nm, nominal average particle 
diameter 30 nm, manufactured by CI. Kasei Co., Ltd.), 4.5 
g of ethylene glycol (manufactured by Wako Pure Chemical 
Industries, Ltd.), 0.1 g of 1,4-butanediol diglycidyl ether and 

0. 4 g of polyethylene glycol (average molecular weight 600) 
was dispersed in the same manner as in Example 1. After 
dispersion, 0.03 g of a microcapsule curing agent (Novacure 
HX-3088; manufactured by Asahi Kasei Epoxy Co., Ltd.) 
was added as an epoxy curing agent, and mixed with a 
spatula. Then, the mixture was baked and the volume 
resistivity was measured in the same manner as in Example 

1. The volume resistivity was 7xl0" 5 Qcm. Compared with 
dispersions that did not contain an epoxy resin, the adhe- 
siveness between the obtained copper thin film and the slide 
glass was extremely high. 

Example 16 

Preparation of a Cupric Oxide Fine Particles 
Dispersion Containing a Polyimide Resin, and a 
Production Example of a Copper Thin Film 

[0126] To 100 g of N-methylpyrrolidone (NMP), 10.0 g of 
bis(4-aminophenyl)ethyl and 10.9 g of pyromellitic acid 
anhydryde were dissolved and stirred at room temperature 
for 1 hour to give a NMP solution of a polyamide acid. To 
2 g of this polyamide acid solution, 5 g of cupric oxide fine 
particles (particle diameter 10 to 100 nm, nominal average 
particle diameter 30 nm, manufactured by CI. Kasei Co., 
Ltd.) and 3 g of ethylene glycol (manufactured by Wako 
Pure Chemical Industries, Ltd.) were added and dispersed in 
the same manner as in Example 1. This dispersion was 
applied onto a polyimide film (a Kapton film manufactured 
by Dupont-Toray Co., Ltd., film thickness 50 /an), cut into 
a 3 cmx3 cm size, and reduction treatment was carried out 
in a hydrogen atmosphere at 350° C. for 1 hour to form a 
polyimide-containing cupric thin film on the polyimide film. 
This copper thin film had conductivity, and its volume 
resistivity was 9xl(T 5 Qcm. Compared with a thin film 
formed on a polyimide film without using polyamide acid, 
its adhesion was extremely high. 

Example 17 

Preparation of a Cupric Oxide Fine Particles 
Dispersion Containing a Reducing Agent, and 
Production Example of a Porous Copper Thin Film 

[0127] There were added to 0.5 g of propionaldehyde 
(manufactured by Wako Pure Chemical Industries, Ltd.), 5 
g of cupric oxide nanoparticles (particle diameter 10 to 100 
nm, nominal average particle diameter 30 nm, manufactured 
by CI. Kasei Co., Ltd.) and 4.5 g of diethylene glycol 
(manufactured by Wako Pure Chemical Industries, Ltd.) and 
dispersed in the same manner as in Example 1 to give a 
cupric oxide fine particles dispersion. This dispersion was 
applied onto a slide glass in the same manner as in Example 
4. While argon gas was flowed in a flow rate of 0.1 
liter/minute into the baking furnace, the temperature was 
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raised over 1 hour from room temperature to 350° C. Once 
350° C. had been reached, heating was continued for another 
one hour. The volume resistivity of the obtained copper thin 
film was 3xl(T 5 Qcm. 

Example 18 

Production Example of a Copper Thin Film on a 
Silicon Wafer 

[0128] There were added 0.5 g of polyethylene glycol 
(manufactured by Wako Pure Chemical Industries, Ltd.), 5 
g of cupric oxide nanoparticles (particle diameter 10 to 100 
nm, nominal average particle diameter 30 nm, manufactured 
by CI. Kasei Co., Ltd.) and 4.5 g of ethylene glycol 
(manufactured by Wako Pure Chemical Industries, Ltd.) and 
dispersed in the same manner as in Example 1 to give a 
cupric oxide fine particles dispersion. A 5 inch silicon wafer 
which had had surface treatment carried out beforehand by 
a surface treating agent (LS-3150) manufactured by Shin- 
Etsu Chemical Co., Ltd., was set onto a spin coater (1H-D7) 
manufactured by Mikasa Co., Ltd. The above dispersion was 
dripped onto the silicon wafer, and after being pre-spun at 
1000 rpmxlO seconds, spin coating was performed under the 
conditions of 3000 rpmx30 seconds. The coated silicon 
wafer was baked in the same manner as in Example 1. The 
copper thin film obtained on the silicon wafer had a film 
thickness of 0.6 /mi and a low volume resistivity of 6xl0~ 6 
Qcm. 

Example 19 

Preparation of a Cuprous Oxide Dispersion, and a 
Production Example of a Copper Thin Film 

[0129] To 60 ml of purified water, 8 g of copper acetate 
anhydride (manufactured by Wako Pure Chemical Indus- 
tries, Ltd.) was added, and then hydrazine raonohydrate 
(manufactured by Wako Pure Chemical Industries, Ltd.) was 
added thereto while stirring at 25° C to cause a reduction 
reaction, which gave cuprous oxide fine particles having a 
primary particle diameter of 10 to 30 nm. To 0.5 g of the 
cuprous oxide fine particles, 0.1 g of diethylene glycol and 
0.4 g of polyethylene glycol (average molecular weight of 
200, manufactured by Wako Pure Chemical Industries, Ltd.) 
were added, and the resulting mixture was subjected to 
ultrasonic dispersion to prepare a cuprous oxide dispersion. 
The dispersion was applied onto a slide glass so as to have 
a 5 cm length, 1 cm width, and 20 //m thickness. This slide 
glass was put into a baking furnace, and after the interior of 
the furnace had been vented by a vacuum pump, it was 
replaced with argon gas. The temperature of the baking 
furnace was raised over 1 hour from room temperature to 
350° C. Once 350° C. had been reached, heating was 
continued for another one hour for baking. After cooling, a 
copper thin film having a thickness of 7 fan and a volume 
resistivity of 4.0xl0" 6 Qcm was obtained. The obtained thin 
film had high adhesiveness to the slide glass, wherein using 
scotch tape the film was not stripped off. 

Comparative Example 1 

Particle Diameter of Metal Oxide Fine Particles 

[0130] A cupric oxide dispersion was prepared by subject- 
ing a mixture of 5 g of a cupric oxide powder (manufactured 



by Wako Pure Chemical Industries, Ltd.) having an average 
particle diameter of 2.8 /mi and 5 g of diethylene glycol to 
the same dispersion treatment as that in Example 1, and the 
dispersion applied film was baked on a slide glass in the 
same manner as in Example 1. A large number of fine cracks 
was formed on the metal copper surface obtained on the 
slide glass, making it imperfect as a copper thin film. When 
observed by an SEM, the fusion of the particles among the 
copper powder was insufficient. 

Comparative Example 2 

Particle Diameter of Metal Oxide Fine Particles 

[0131] A cupric oxide dispersion was prepared by subject- 
ing a mixture of 5 g of a cupric oxide powder (manufactured 
by Wako Pure Chemical Industries, Ltd.) having an average 
particle diameter of 2.8 /an, 4.5 g of diethylene glycol and 
0.5 g of polyethylene glycol (average molecular weight 600) 
to the same dispersion treatment as in Example 1, and the 
dispersion applied film was baked on a slide glass in the 
same manner as in Example 1. A large number of fine cracks 
was formed on the metal copper surface obtained on the 
slide glass, making it imperfect as a copper thin film. When 
observed by an SEM the fusion of the particles among the 
copper powder was insufficient. 

INDUSTRIAL APPLICABILITY 

[0132] According to the present invention, a metal thin 
film can be formed onto a substrate by a treatment at a 
relatively low temperature using a low cost metal oxide as 
the a raw material. By controlling the applied thickness onto 
the substrate of the metal oxide dispersion, a metal thin film 
thickness can be controlled arbitrarily. In addition, direct 
imaging formation of wiring by an inkjet application method 
is also possible, and therefore the method allows for wiring 
formation at low cost and with less resource because pho- 
tolithography and etching steps of metal thin film, which 
were necessary in conventional wiring formation processes, 
can be omitted. The obtained metal thin film can be prefer- 
ably used in applications such as a metal wiring material for 
electrodes, wiring and circuits, or as a conductive material. 
Further, the obtained porous metal thin film having a homog- 
enous and fine porous structure with a pore diameter of 1 //m 
or less can be preferably used in applications such as, for 
example, a carrier for a catalyst, inorganic niters, conductive 
material, thermally conductive materials and the like, and 
also can be preferably used in applications such as elec- 
trodes which require a large surface area. 



1. A metal oxide dispersion comprising a metal oxide 
having a particle diameter of less than 200 nm and a 
dispersion medium, wherein the metal oxide dispersion 
medium comprises a polyhydric alcohol and/or polyether 
compound. 

2. The metal oxide dispersion according to claim 1, 
wherein the polyhydric alcohol has 10 or less carbon atoms. 

3. The metal oxide dispersion according to claim 1 or 2, 
wherein the polyhydric alcohol is a sugar alcohol. 

4. The metal oxide dispersion according to claim 1, 
wherein the polyether compound is an aliphatic polyether 
having repeating units of a straight chain or a cyclic oxy- 
alkylene group having 2 to 8 carbon atoms. 
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5. The metal oxide dispersion according to claim 1, 
wherein the molecular weight of the polyether compound is 
150 or more and 6000 or less. 

6. The metal oxide dispersion according to claim 5, 
wherein the polyether compound is a polyethylene glycol 
and/or polypropylene glycol having a molecular weight of 
250 or more and 1500 or less. 

7. The metal oxide dispersion according to claim 1 
wherein the volume resistivity of a metal obtained by 
reducing a metal oxide is lxlO" 4 Qcm or less. 

8. The metal oxide dispersion according to claim 1, 
wherein the metal oxide is copper oxide or silver oxide. 

9. The metal oxide dispersion according to claim 8, 
wherein the metal oxide is cuprous oxide. 

10. The metal oxide dispersion according to claim 1, 
wherein the content of metal oxide is 5 to 90% by weight of 
the overall weight of the metal oxide dispersion. 

11. The metal oxide dispersion according to claim 1 
wherein the metal oxide dispersion comprises a metal pow- 
der in an amount that the total weight of the metal powder 
and metal oxide fine particles occupies 5% by weight or 
more and 95% by weight or less of the overall weight of the 
metal oxide dispersion. 

12. The metal oxide dispersion according to claim 11, 
wherein the metal powder includes at least one metal species 
selected from the group consisting of gold, silver, copper, 
palladium, platinum, nickel, chromium, aluminum, tin, zinc, 
titanium, tungsten, tantalum, barium, rhodium, ruthenium, 
osmium, bismuth, iridium, cobalt, indium, iron and lead. 

13. The metal oxide dispersion according to claim 1, 
wherein the metal oxide dispersion comprises a thermoset- 
ting resin in an amount of 0.1 to 20% by weight of the 
overall weight of the metal oxide dispersion. 

14. The metal oxide dispersion according to claim 1, 
wherein the metal oxide dispersion comprises a reducing 
agent, which can reduce the metal oxide and is other than a 
polyhydric alcohol and a polyether compound, in an amount 
of 0.1 to 70% by weight of the overall weight of the metal 
oxide dispersion. 



15. The metal oxide dispersion according to claim 1, 
wherein the content of polyhydric alcohol is 0.1% by weight 
or more and 95% by weight or less of the overall weight of 
the metal oxide dispersion. 

16. The metal oxide dispersion according to claim 1, 
wherein the content of polyether compound is 0.1% to 70% 
by weight of the overall weight of the metal oxide disper- 
sion. 

17. The metal oxide dispersion according to claim 1, 
wherein the content of polyether compound is less than 0.1% 
by weight of the overall weight of the metal oxide disper- 
sion. 

18. A metal thin film formed by fusing contacting portions 
of a plurality of gathered metal fine particles having a 
primary diameter of less than 200 nm obtained by baking the 
metal oxide dispersion according to claim 16. 

19. A metal thin film having a porous structure formed by 
the fusing contacting portions of a plurality of gathered 
metal fine particles having a primary diameter of less than 
200 nm obtained by baking the metal oxide dispersion 
according to claim 17. 

20. A method of producing a metal thin film which 
comprises applying the metal oxide dispersion according to 
claim 1 onto a substrate, then carrying out heat treatment. 

21. The method of producing a metal thin film according 
to claim 20, which comprises carrying out heat treatment in 
a non-oxidizing atmosphere. 

22. The method of producing a metal thin film according 
to claim 20, which comprises applying the metal oxide 
dispersion onto a substrate, then heating and baking the 
dispersion in an inert atmosphere, followed by heating and 
baking in a reducing atmosphere. 

23. The method of producing a metal thin film according 
to claim 20, wherein a heat treatment temperature is 50° C. 
or more and 500° C. or less. 

***** 
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